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Early Methods of Data CollectionEarly Methods of Data Collection

Radar/Sensor data have been collected in Radar/Sensor data have been collected in 
a variety of ways including:  a variety of ways including:  
•• Visual observation of the radar screenVisual observation of the radar screen
•• time lapse photographytime lapse photography
•• video recordingvideo recording
•• bar codingbar coding

All have limitations in the quantity and All have limitations in the quantity and 
quality of data they yield and may suffer quality of data they yield and may suffer 
from issues with observer biasfrom issues with observer bias



Automated data collectionAutomated data collection

Digital Interface allows recording of raw Digital Interface allows recording of raw 
radar data for postradar data for post--processing (if desired)processing (if desired)
Processing algorithms can provide clutter Processing algorithms can provide clutter 
suppression, as well as tracking and target suppression, as well as tracking and target 
classification (24/7 operations are classification (24/7 operations are 
common)common)
Track data are geoTrack data are geo--referenced, time referenced, time 
stamped and written to databasesstamped and written to databases



Automated data collectionAutomated data collection

•• 1 year study1 year study

•• 24 “observations” per minute24 “observations” per minute

•• over 1 million observations per yearover 1 million observations per year



Automated data collectionAutomated data collection



Overcoming some limitations of Marine Overcoming some limitations of Marine 
Radar SystemsRadar Systems

The vertical X band radar 
and horizontal S band 
radar system is gaining 
popularity in biological 
studies and are the Air 
Force standard for 
operational use because 
it overcomes many of the 
limitations of single X-
band radar systems 
(precipitation, clutter, 
altitude, etc)



Automated data collectionAutomated data collection
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•• Powerful SensorsPowerful Sensors
•• Have limitationsHave limitations

•• MoreMore Powerful when used with Powerful when used with 
other sensorsother sensors

•• Acoustic monitoringAcoustic monitoring
•• Thermal imagery Thermal imagery 
•• VideoVideo
•• TelemetryTelemetry
•• VisualVisual

Lessons fromLessons from
RadarRadar Biology 101 and Radar Biology 102Biology 101 and Radar Biology 102
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NedaNeda Mine ObjectivesMine Objectives

Use multiple sensors to track bats around Use multiple sensors to track bats around 
the the NedaNeda Mine site (radar, ultrasound bat Mine site (radar, ultrasound bat 
detectors, thermal imaging camera) detectors, thermal imaging camera) 
Radar detects “animals” in the airRadar detects “animals” in the air
Bat detector can provide target species Bat detector can provide target species 
identificationidentification
Integrating the sensor data can provide a Integrating the sensor data can provide a 
longer range track (of a known species) to longer range track (of a known species) to 
help understand how the species uses the help understand how the species uses the 
landscape and airspacelandscape and airspace



Limitations Limitations -- Sources of ErrorSources of Error

Conducting this study allowed us to look Conducting this study allowed us to look 
at issues associated with integrating data at issues associated with integrating data 
from a high resolution radar with a short from a high resolution radar with a short 
range acoustic sensor (approximately 50 range acoustic sensor (approximately 50 
meters)meters)
Assuming line of site observation of the Assuming line of site observation of the 
detector and low ground clutter, the major detector and low ground clutter, the major 
limitations found during the study are in limitations found during the study are in 
correlating the radar track data and bat correlating the radar track data and bat 
detector data in detector data in space and timespace and time



Sources of error Sources of error -- TimeTime

Computer clocks drift in time, the time drift is Computer clocks drift in time, the time drift is 
both temperature and clock component both temperature and clock component 
dependantdependant
Clocks among the same models of computer can Clocks among the same models of computer can 
drift differentlydrift differently
The same clock can drift differently from day to The same clock can drift differently from day to 
day day 
Bat detectors do not have the same clock Bat detectors do not have the same clock 
electronics as radarselectronics as radars
Radar recording data in an air conditioned shelter Radar recording data in an air conditioned shelter 
will drift at a different will drift at a different rate rate than a bat detector than a bat detector 
subjected to ambient temperature regime (bat subjected to ambient temperature regime (bat 
detector time is likely to drift at varying rates detector time is likely to drift at varying rates 
throughout the night or over several days).throughout the night or over several days).



Time DriftTime Drift

Time drift for computer vs. GPS (atomic clock)Time drift for computer vs. GPS (atomic clock)

Computer Time Drift Measured by GPS
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Correcting for TimeCorrecting for Time

Having a common reference time for Having a common reference time for 
correlating detectors is importantcorrelating detectors is important
We recommend using We recommend using GPS atomic clockGPS atomic clock
as a continuous reference time stampas a continuous reference time stamp
Merlin radars have been updated since the Merlin radars have been updated since the 
NedaNeda mine study to provide this capabilitymine study to provide this capability
Time correction (on the radar) is done Time correction (on the radar) is done 
through postthrough post--processing than by processing than by 
correction on the flycorrection on the fly



Sources of Error Sources of Error -- PositionPosition

To integrate data from the bat detector and radar To integrate data from the bat detector and radar 
they must both be accurately located in X and Ythey must both be accurately located in X and Y
GPS accuracy from one fix can be up to 25m off GPS accuracy from one fix can be up to 25m off 
from the actual locationfrom the actual location
Wide Area Augmentation System (WAAS) can Wide Area Augmentation System (WAAS) can 
improve drift to 3M, but that error combined with improve drift to 3M, but that error combined with 
a position error for the bat detector can be a position error for the bat detector can be 
greater than the bat detector rangegreater than the bat detector range
Merlin now has the capability to survey location Merlin now has the capability to survey location 
by averaging over long periods to reduce drift to by averaging over long periods to reduce drift to 
very low valuesvery low values



Sources of Error Sources of Error -- PositionPosition

Position error increases probability of placing Position error increases probability of placing 
target in the wrong pixel as distance from the target in the wrong pixel as distance from the 
radar increasesradar increases



Sources of error Sources of error -- AzimuthAzimuth

The sitting of a radar requires that the radar is The sitting of a radar requires that the radar is 
correctly aligned to true north to match to the correctly aligned to true north to match to the 
GPS location of the bat detectorGPS location of the bat detector

Any error in this azimuth alignment may result in Any error in this azimuth alignment may result in 
errors greater than the effective bat detector errors greater than the effective bat detector 
range (an azimuth error of one degree will shift range (an azimuth error of one degree will shift 
the location of the sensor 30 meters at 1 nm).the location of the sensor 30 meters at 1 nm).

Merlin has been upgraded in the past months to Merlin has been upgraded in the past months to 
provide very accurate alignment of the radar to provide very accurate alignment of the radar to 
true north true north –– compass module compass module –– declination is declination is 
accomplished through GPSaccomplished through GPS

Merlin radars also have extremely high azimuth Merlin radars also have extremely high azimuth 
data resolution with sampling higher than the data resolution with sampling higher than the 
effective radar beam width to fully utilize the high effective radar beam width to fully utilize the high 
azimuth alignment to true northazimuth alignment to true north



SummarySummary

Marine radar systems are a powerful tools in Marine radar systems are a powerful tools in 
evaluating wind turbine project sites evaluating wind turbine project sites 
Additional sensors provide necessary information Additional sensors provide necessary information 
on species composition and altitude distributionson species composition and altitude distributions
Errors in time and space may result in a failure to Errors in time and space may result in a failure to 
properly synchronize sensor dataproperly synchronize sensor data
Cumulative effects dramatically increase Cumulative effects dramatically increase 
synchronization problemssynchronization problems
Integrating data from multiple sensors is Integrating data from multiple sensors is 
dramatically improved if:dramatically improved if:
•• Both sensors have highly accurate time stampsBoth sensors have highly accurate time stamps
•• Both sensors have highly accurate latitude and longitude Both sensors have highly accurate latitude and longitude 

datadata
•• The radar is accurately aligned to true northThe radar is accurately aligned to true north



SummarySummary

Radar can be not only a tool for Radar can be not only a tool for 
assessment, but a tool for assessment, but a tool for 
operational management operational management 
•• Monitor operationsMonitor operations
•• Automated shutAutomated shut--downdown
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